Introduction: Parity is associated with overweight and obesity in developed countries and has been related to maternal depletion in poor developing countries. However, the literature from developing countries is limited and may not represent current stages of development. Methods: We analyzed data from 50 Demographic and Reproductive Health Surveys conducted between 1992 and 2003. We examined the association between parity (proxied by number of live births) and overweight (body mass index (BMI)X25 kg/m 2 ) in relation to level of country wealth and development. Results: The odds ratio (OR) for overweight comparing women with at least four live births to women with one live birth was 41.0 in 38 of the 50 countries studied. The median OR was 41.0 in all regions studied and highest in North Africa/West Asia, where all countries had OR 41.0. Country wealth and development were both positively associated with the ORs. Conclusions: The importance of parity as a predictor of overweight increases with national economic development and wealth. Policy implications might include the development and implementation of programs to prevent excessive gestational weight gain and promote postpartum weight loss via dietary change and physical activity, concomitant with exclusive breastfeeding.
Introduction
The prevalence of overweight (body mass index (BMI) X25 kg/m 2 ) among women is high in developed countries; in the US 62% of women aged 20-74 years are overweight. 1 In developing countries, the prevalence of overweight is highest in the Middle East and North Africa, estimated at 45.9%, followed closely by Latin America and the Caribbean, 42.5%, and Central Europe, 42.1% (15-49 years) . 2 While the prevalence of overweight is still low in Sub-Saharan Africa (16.8%) and South Asia (0.3%), 2 it is increasing in subpopulations of these regions. For instance, in a longitudinal study of 8-year weight change in adults from seven provinces of China, the prevalence of overweight doubled among women to 20.8%. 3 Parity is positively associated with an increased risk of overweight and obesity in developed countries. [4] [5] [6] [7] Excessive gestational weight gain and the inability to lose this weight in the postpartum period are thought to be two of the main ways in which reproduction contributes to overweight. 4, 5, [8] [9] [10] In developing countries, frequent reproductive cycles (especially when accompanied by short or absent recuperative intervals, that is periods free from pregnancy or breastfeeding) have been suggested as a risk factor for maternal depletion. 11 Poor dietary intake and heavy activity patterns further exacerbate the nutritional and energetic stress of frequent reproductive cycles, such that nutritional status deteriorates over time.
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Economic development and the nutrition transition are likely to have altered the relationship between parity and body composition. The nutrition transition has resulted in increased food security, the availability of inexpensive, highfat sources of energy, urbanization and decreased physical activity, leading to the emergence of overweight and obesity. [12] [13] [14] [15] Thus, the conditions associated with maternal depletion are no longer as relevant, and researchers have begun to investigate whether parity may now play an increasingly important role in overweight as countries undergo the nutrition transition. Recent studies in Mexico, North Africa/West Asia and China have found weak to moderate, positive associations between parity and overweight. [16] [17] [18] [19] However, this relationship has not been well investigated across the range of development in low and middle income countries around the world.
In the current analysis we address the following questions: (1) Is parity associated with overweight in women living in low and middle income countries? and (2) Does this relationship vary by region, country wealth and/or a summary measure of country development?
Methods

Data sources
We analyzed data from all Demographic Health Surveys (DHS) (www. measuredhs.com) and three Reproductive Health Surveys (RHS) (www.cdc.gov/reproductivehealth/ surveys) that included measurements of height and weight for women. The surveys were conducted either by ORC Macro Inc. or by the Centers for Disease Control, in partnership with the host country. These were nationally representative, cross-sectional surveys containing information about the standard of living of sample households, as well as the health status of women of reproductive age (15-49 years) and their children (variously defined as those p72, p59 or p35 months). To identify the sample of women to be interviewed, households were first selected using a multistage, stratified cluster design. Eligible women were identified through the household survey. Typically all women 15-49 years who were members of the household were eligible for the individual survey. 17 However, for 22 of the 50 surveys analyzed used in this analysis, anthropometric measurements were restricted to women who had had children in the previous 35 or 59 months. In addition, in four of the countries only ever-married women were surveyed. A feature of these surveys is that most questions asked were standardized across surveys, so cross-country comparisons can be made. Height and weight measurements were taken by trained fieldworkers, using similar methods across countries. 17, 20 The most recent survey was used for each country, resulting in a sample of 50 data sets spanning the years 1992-2003, from the following five regions: North Africa/ West Asia (NAWA), Central Asia (CA), South and Southeast Asia (SSEA), Latin America and the Caribbean (LAC) and SubSaharan Africa (SSA). Country-level data for each region are listed in Table 1 .
Analytic sample
To be eligible for the present analysis, women had to: be non-pregnant, be at least 3 months postpartum, be nulliparous, primiparous or have had only singleton births, and have had no missing data for covariates. We excluded women who were extreme outliers for height or weight measurements, defined as being above the 75th percentile plus three times the interquartile range, or below the 25th percentile minus three times the interquartile range. 21 These criteria resulted in data set sample sizes ranging from 634 to 72 769, with a median sample size of 4184 women.
Outcome, and sociodemographic and reproductive variables The primary outcome analyzed was overweight, defined as BMI X25 kg/m 2 , 22 calculated from measured height and weight. The main independent variable was parity, proxied by number of live births, because the total number of pregnancies resulting in a live or stillbirth was not available in all countries. We created three or four categories for this variable, depending on the survey: 0 (only available when non-parous women were included in the survey), 1 (here considered the reference group), 2-3 and 4 or more live births.
For the within-country analysis, we controlled for short birth interval, months of breastfeeding, wealth, schooling and urban/rural status. A woman was classified as having a short birth interval if less than 24 months had elapsed between her two most recent live births. Women with no children or one child were considered not to have experienced a short birth interval. Information on months of breastfeeding was available for the majority of countries (36) for all children p59 months. In 11 countries, information on breastfeeding was collected for children p35 months (in one of these, collection was limited to two children per woman). In one country, this information was collected for all children p72 months, and in two countries it was collected only for the most recent child born within 59 months before the survey. Owing to these inconsistencies, the definition of breastfeeding was specific to each country. We categorized breastfeeding as 0, 1-12, 13-24, X25 months, and in some countries, collapsed these categories further due to small sample sizes.
We categorized the woman's age at interview as 15-19, 20-24, 25-29, 30-34, 35-39 and 40-49 years. In some countries, we collapsed the categories due to small sample sizes. Urban or rural residence was based on country-specific definitions. Individual wealth was approximated by a household wealth index, which we created based on household assets owned, and dwelling and sanitation conditions (information collected in the household surveys), using methodology developed jointly by ORC Macro Inc. and the World Bank. 23, 24 Individuals were assigned the value of the wealth index of the household in which they lived. It is important to note that this wealth measure is country-specific and is not comparable across surveys, as each woman was ranked relative only to other women in her own country. We categorized the distribution of the wealth index in each country into tertiles. Total years of schooling were used to represent educational level, and were categorized into country-specific, approximate tertiles. For countries in which most of the women had zero years of schooling, 'no schooling' was considered the lowest group, and the Country development, parity, and overweight SA Kim et al Abbreviations: GDP, gross domestic product; OR, odds ratio. Median GDP and country development score are listed in bold. The median odds ratio comparing women with at least four live births to women with one live birth within each region is listed in bold.
a Weighted using country-specific sample weights included with each country's data set.
b GDP specific to year of survey, adjusted for price purchasing parity, expressed in 2004 international dollars. c ORs were adjusted for age, household wealth, years of schooling, urban residence, short birth interval, duration of breastfeeding during recall period (35, 59 or 72 months).
Country development, parity, and overweight SA Kim et al remaining women were ranked and divided at their median. In one country, Niger, women were categorized into only two groups: having no schooling and at least one year of schooling.
Country-development measures
Level of country development is often defined in terms of economic output, such as gross domestic product (GDP). However, such measures do not capture the distribution of resources or quality of life, and this has led to the development of more expansive indices of 'human development'. 25 In this analysis, we measured development using both the more limited, but commonly used measure, GDP, and a summary human development score. The development score was constructed using: per capita GDP, percent of the population living in urban areas, urban growth, stunting in children under 5 years, infant mortality, life expectancy at birth, total fertility rate, contraceptive prevalence, prevalence of underweight in mothers, prevalence of overweight in mothers, literacy rate in adult women and the ratio of adult female to adult male literacy. Per capita GDP, adjusted for price purchasing parity, in 2004 international dollars was obtained from the World Bank. 26 The adjustment of GDP for price purchasing parity takes into account differences in the cost of living across countries, and allows for valid cross-country comparisons. 25 Data on the percent of each country's residents living in urban areas, urban growth, infant mortality, life expectancy, fertility rate and contraceptive prevalence also came from the World Bank. 26 Literacy estimates were obtained from various sources, in addition to the World Bank. [26] [27] [28] [29] [30] [31] The female to male literacy ratio was calculated from female and male literacy rates. Prevalence of childhood stunting was obtained from ORC Macro Inc., using STATCompiler on the DHS website, 32 World Health Organization, 33 and The United Nations Children's Fund. 34 The prevalence of underweight and overweight were obtained using STATCompiler 35, 36 when possible, or directly from the data sets. When available, the measure corresponding to the year(s) of the survey was used; otherwise the most recent measure that was taken before the year of the survey was used. Though the country development measures represent different characteristics of the population, they were highly intercorrelated (data not shown). Thus, we created a summary development score for each country from the 12 measures, using principal components analysis. This technique can be used to parsimoniously account for the information of a large set of highly correlated variables. 37 The procedure creates a set of uncorrelated measures, called principal components, which are ordered with respect to the amount of variation in the original variables for which they account. For our analysis, only the first principal component was retained; it accounted for 64% of variance in the original set of variables. Each of the original 12 development measures was assigned a weight using estimated loadings for the first principal component. A 'country development' score was then derived from these estimated loadings or weights. Countries were ranked and divided into quartiles based on their development score.
Statistical analysis
For the within-country analyses, we first examined the bivariate relationship between each of the covariates and overweight using logistic regression. We then adjusted for the set of prespecified covariates. Logistic regression models were run using SUDAAN (SAS9-callable, Release 9.0.0, Research Triangle Institute) to account for the multistage, stratified cluster design of the surveys. Country-specific sample weights were included in all models. Our main comparison of interest was the odds of overweight for women with at least four live births as compared with women with one live birth, because it was the most extreme comparison we could make for all countries.
We examined the distribution of the odds ratios (OR) within and across regions. We calculated the median OR by GDP and quartile of country development score. We regressed the GDP or country development score on the OR using SAS (V 9.1, SAS Institute, Cary, NC, USA). Correlation coefficients among country development measures and the OR were also calculated in SAS. Table 1 lists the adjusted odds of overweight for various levels of parity as compared with the reference category of one live birth. For comparisons of parity 4 þ vs 1, ORs were greater than one in 38 of 50 countries, a number significantly greater than the 25 expected by chance (Po0.001). ORs were significantly different (at Po0.05) from 1.0 in 14 of 50 countries; the expected number is fewer than 3. In the more developed regions of NAWA and LAC, ORs were greater than 1 in 14 of 15 countries, and significantly different from 1.0 in 11 of 15 instances; these counts were significantly different from those expected by chance (Po0.001).
Results
Parity-overweight relationship within country and within region
To quantify the increase in weight associated with parity, we ran linear regression models using BMI as a continuous outcome, with all other variables defined as above. We used the resulting mean increase in BMI associated with various changes in parity to calculate the corresponding changes in weight for a woman of median height. Within NAWA, the region with the strongest association between parity and BMI, the increase in parity from 1 to X4, was associated with an increase of 1.4 kg (Armenia) to 3.2 kg (Jordan). For Turkey, the weight change for the same parity comparison was 3.0 kg, but the weight change corresponding to an increase from parity 0 to parity 1 was 4.5 kg.
In bivariate models, parity, age, wealth and urban residence were each positively associated with overweight Country development, parity, and overweight SA Kim et al in most countries (data not shown). Associations with schooling were less consistent; in most countries there was a positive association between schooling and overweight, but in LAC the association was mainly inverse. It was also inverse in two of the five NAWA countries. The association of short birth interval with odds of overweight was similarly mixed across countries, but for the majority of countries in each region the association was positive. Duration of breastfeeding was generally inversely associated with overweight.
Parity-overweight relationship by country wealth and summary development score Table 1 lists the median values of GDP and the country development score for countries in the analysis, by region. LAC had the highest median GDP, and SSA had the lowest.
The median values of the summary development score mainly followed the pattern of GDP and the other measures (data not shown); NAWA had the highest value followed closely by LAC. Table 2 shows the correlation coefficient between the summary measure of country development and the OR; correlations with each component of the summary measure are also included. All but three of the measures were significantly correlated with the OR, at Po0.05. The prevalence of underweight had the strongest correlation with the OR (À0.45; Po0.01). The next highest was infant mortality at À0.43 (Po0.01); GDP had a correlation of 0.32 (Po0.05). The summary development score had a correlation of 0.40 (Po0.01).
There was a positive association between GDP and the OR (Figure 1 ). Every $1000 increase in GDP was associated with an increase of 0.074 in the OR (Po0.05). The median OR increased across GDP groups, P-value for trend ¼ 0.09 (Table 3) .
There was also a positive association between the summary development score and the OR (Figure 2) . For an increase of one s.d. in the development score, the OR increased by 0.14. There was a trend for a positive relationship between the median OR and development quartile, P-value for trend ¼ 0.2 (Table 3) .
Discussion
Our results indicate that in many developing countries, reproduction is a contributor to overweight in women of reproductive age. Parity was positively associated with Literacy rate for adult females (% of female subjects 15+ years) 0.33 0.02 Female/male literacy ratio Calculated ratio of adult female to male literacy rates 0.28 0.5
Abbreviations: BMI, body mass index; GDP, gross domestic product; OR, odd ratio. a ORs were adjusted for age, household wealth, years of schooling, urban residence, short birth interval, duration of breastfeeding during recall period (35, 59 Country development, parity, and overweight SA Kim et al overweight in the large majority of the countries studied. The association was strongest in the North Africa/West Asia region, where ORs exceeded one in all countries. The parityoverweight relationship showed weak, positive, significant associations with both country wealth and the summary development score. In developed countries the main mechanism by which reproduction is thought to contribute to overweight and obesity in women is through cumulative cycles of pregnancy weight gain and postpartum weight retention. 8, 9, 38, 39 Excess gestational weight gain has consistently been shown to increase postpartum weight retention in the short term, 38, [40] [41] [42] and has also been associated with increased weight gain in the long term. 5, 9 Because of the changes occurring in many developing countries due to the nutrition transition (described below), these same mechanisms may now be operating in some developing countries. For example, a recent Brazilian study found that women who had gestational weight gain above recommendations had significantly higher postpartum weight retention at 9 months than women who gained within or below the guidelines, independent of prepregnant BMI. 43 Gestational weight gain above recommendations was common in this sample of 208 women (28.8%), especially among overweight women (50%). However, there is a dearth of recent data regarding gestational weight gain and postpartum weight retention in women of developing countries. Our results suggest that as countries become more developed, whether measured by GDP or by a summary score based on 12 well-accepted indicators, parity plays an increasingly important role in the prevalence of overweight even as overall fertility declines. GDP seems to be as useful as the more inclusive summary index in exploring how development impacts on the relationship between parity and overweight. The emerging problem of overweight and obesity in the populations of developing countries has been attributed to the nutrition transition that occurs as the income of countries rises. 12 The nutrition transition refers to shifts in the structure and composition of the diet toward high fat/carbohydrate-dense foods and animal products, usually at the expense of grains, fruits and vegetables. 12, 44 This transition is usually preceded or accompanied by a change from an agricultural to an industrial economy, resulting in a greater proportion of the population residing in urban areas, which is additionally associated with decreased physical activity patterns. 45 Together these changes create obesogenic environments in low and middle income countries undergoing the transition. These factors may affect women in the reproductive cycle even more than the general population because of the weight gain and fat deposition that typically occurs during pregnancy. In a recent review of the physiology of pregnancy, King 46 stated that '[e]nergy in excess of fetal needs has a high potential to be stored as maternal fact because of the overall anabolic milieu of pregnancy.' It has been noted that as countries get further along the transition, the burden of overweight and obesity shifts from the highest socioeconomic class to the poor and/or less educated. 47 In our analysis we found that the parityoverweight relationship was consistently strongest in NAWA and LAC, the regions that are probably furthest along in the transition, as evidenced by the inverse relationship between schooling and overweight in six of the 10 LAC and two of the five NAWA countries. 48 While variation in the strength of the parity-overweight relationship across and within regions reflected differences in development, there were exceptions to this pattern. Central African Republic had one of the highest ORs, at 2.14 at a GDP of $1005 ( Figure 1 ) and a country development score (À0.90) in the lowest development score quartile. India, with a GDP of $2180 and in the third development quartile (À0.26), had an OR of 0.85. These exceptions suggest a role of other factors that are not captured by the 
Country development score Odds Ratio
Slope=0.14 p-value=0.01 Figure 2 Adjusted ORs (ORs were adjusted for age, household wealth, years of schooling, urban residence, short birth interval, duration of breastfeeding during recall period (35, 59 or 72 months)) for overweight comparing women with at least four live births to women with one live birth vs country development score.
Country development, parity, and overweight SA Kim et al development measures. These factors may include differences surrounding pregnancy and reproductive behavior that are independent of country development. There may also be differences among subgroups of country populations that are not captured by the country-level measures.
There are limitations to this analysis that should be mentioned. We used cross-sectional data and therefore could not establish the temporal ordering between BMI and parity. We did not have data available regarding pre-pregnant BMI, a factor that may be important in the parity-overweight relationship. 19 Another limitation of our analysis was that number of pregnancies or total number of births (regardless of outcome) would more fully represent the reproductive experience than number of live births, but this information was not available in every data set. The DHS and RHS surveys are nationally representative of women of reproductive age, 15-49 years. Thus, our observations about the relationship between parity and overweight are limited to women in this age group, and are not necessarily generalizeable to older women. The sample of countries in which the DHS and RHS surveys were carried out was biased toward poorer countries; therefore the linear association between the OR and development may not be generalizeable to other countries. In addition, few countries were represented within Central Asia and South and Southeast Asia, limiting regional comparisons. Despite these limitations, the country-level analysis had many strengths. Our results were robust to the inclusion of a range of potential confounders. Although we did not have data available regarding prepregnant BMI, our results are consistent with at least one study that has included prepregnant BMI. 19 The included countries had a wide range of values for the development measures. There was a 14-fold difference between the highest and lowest GDP and a 31-fold difference between the extremes of overweight prevalence. Multiple geographic regions were represented, and several of the data sets had very large sample sizes. The analysis also related parity and overweight not only to GDP, a commonly used indicator of development, but also to overall country development, using a summary score created from 12 established measures of various aspects of development. These results suggest the need for the development and implementation of programs to prevent and treat the problem of parity-related overweight in some developing countries. Such programs could help women avoid excessive gestational weight gain and promote postpartum weight loss via dietary change and physical activity, concomitant with exclusive breastfeeding. Our results suggest that these programs should be targeted mainly to women in countries at the higher end of national and socioeconomic development.
